The synthesis and reactions of methyl 2-[3-(trifluoromethyl)phenyl]-4H-furo[3,2-b]pyrrole-5-carboxylate (1a) are described.
Introduction
Investigations of indole (furopyrroles, thienopyrroles) isosters, in which the benzene ring is replaced by furan or thiophene ring, have resulted in the discovery of many biological active compounds [1] . Therefore, efficient synthetic routes for these types of heterocycles is of great interest [1] . In continuation of our program aimed at developing efficient syntheses of fused oxygen-nitrogen containing heterocycles, we have reported the use of substituted furo [3,2-b] and furo [2,3-b] pyrroles in synthesis [2] [3] [4] [5] [6] [7] [8] . We also investigated their addition and cycloaddition reactions [9, 10] . Also, other authors [11] [12] [13] [14] [15] have shown interest in the study of the synthesis and reactions of furo [b] pyrroles. Enzymatic synthesis of 6-(4H-furo [3,2-b] pyrrolyl)-L-alanine has been described by Welch and Phillips [13] . These same authors published an improved synthesis of furo [3,2-b] pyrrole [14] . Recently Milkiewicz et al. [15] described a series of novel tetra-substituted furo [3,2-b] pyrroles from a furan-2-carbaldehyde.
Compounds containing the 1,2,4-triazine moiety are used as pharmaceuticals, dyes, pesticides, etc., and a great number of reports have been directed towards the synthesis of the condensed 1,2,4-triazines due to their potential biological properties [16, 17] . A large number of 1,2,4-triazines fused with one or more heterocycles are known, and a wide variety of synthetic methods for their preparation are available [16, 17] . We have been interested [18] [19] [20] [21] [22] [23] in the chemistry of the 1,2,4-triazine ring fused on its 4-5 bond with furo [3,2-b] pyrrole and the 1,2,4-triazine ring fused on its 1-6 bond with 1,2,4-triazole ring.
The present paper describes the synthesis of some derivatives of the title ring system (Scheme 1) and their reactions (Scheme 2). It was our aim to obtain new compounds with the expected biological activity. The effects of some synthesized hydrazones [24] on inhibition of photosynthetic electron transport in spinach chloroplasts and chlorophyll content in antialgal suspensions of Chlorella vulgaris were investigated. Based on this fact our effort was concentrated on the new condensation products of 2-[3-(trifluoromethyl)phenyl]furo[3,2-b]pyrrole-5-carbohydrazides 3a-c with 5-[3-(trifluoromethyl)phenyl]furan-2-carbaldehyde. We also wished to compare the "classical" method with effect of microwave irradiation and to find conditions to increase the yield or the rate of condensation. Microwave irradiation is an unconventional method of chemical reaction activation indicated to be suitable for use in reactions of thermolabile compounds because it shortens the exposure of the reaction mixtures to high temperatures [25] [26] [27] .
Experimental
Melting points were determined using a Kofler hot plate apparatus and are uncorrected. All solvents were pre-distilled and dried appropriately prior to use. Concentration and evaporation refer to the removal of volatile materials under reduced pressure a Buchi Rotovapor. Substances stated to be identical were so with respect to mps, mixed mps. Elemental analyses were determined using a Carlo Erba CHNS-OEA 1108-Elemental Analyser and their results were found in good agreement with calculated values. UV spectra were measured on WPA UV/VIS Diode-Array spectrophotometer (Cambridge, UK) in methanol (λ max (log ε); λ max in nm, ε in m 2 mol −1 ). 1 H and 13 C NMR spectra were obtained using BRUKER AMX (360 MHz) in DMSO-d 6 , (CD 3 ) 2 CO or CDCl 3 with TMS as an internal standard reference. The methods used for assignment purposes have been gs-H,H-COSY, gs-HSQC and gs-HMBC. Coupling constants (J) are quoted to the nearest 0.3 Hz. Chemical shifts (δ-scale) are quoted in parts per million and the following abbreviations are used: s = singlet; d = doublet; t = triplet; q = quartet; m = multiplet; b = broad. Microwave reactions were carried out in a Whirpool type microwave oven at 90-500 W. The apparatus was adapted for laboratory applications -n-hexane was used as coolant for the condenser. Starting from 1b,c the compounds 3b,c were prepared analogously: 10 (m, 1H, H-6) .
Compounds 5b-c were prepared from 4 analogous to compounds 2b-c. 1H, J(4',3 ') = 3.6, H-4'); 7.08(d, 1H, J(3',4') = 3.6, H-3'); 5.76 (s, 2H, CH 2 ).
Microwave method
A mixture of compounds 3a-c (0.3 mmol), 5-[3-(trifluoromethyl)phenyl]furan-2-carbaldehyde (0.72 g, 0.3 mmol), and a catalytic amount of 4-methylbezenesulfonic acid (4-MeBSA) acid in ethanol (5 ml) was irradiated in a microwave oven for 2 min at 90 W. Compounds 11a-c were isolated and purified in the same manner as the classical method. The results of "classical" and microwave conditions are shown in Table 1 Table 1 Comparisons between "classical" and microwave reaction.
Results and discussion
was made by thermolysis of the corresponding methyl 2-azido-3-{5-[3-(trifluoromethyl)phenyl]-2-furyl}propenoate, which was formed by condensation of 5-[3-(trifluoromethyl)phenyl]furan-2-carbaldehyde with methyl azido acetate, where sodium methoxide was used as a catalyst [28] . Compounds 1b,c were formed by reaction with 1a using methyl iodide or benzyl chloride under conditions of phase transfer catalysis (PTC) (Scheme 1). Benzyltriethylammonium chloride was used as a catalyst at 60 • C. Acids 2a-c were formed by hydrolysis from esters 1a-c with a yield of 71-75 % and carbohydrazines 3a-c were formed by reaction with compounds 1a-c with hydrazine-hydrate in ethanol. The structures of 3a-c were elucidated by 1 H NMR spectra. 13 C NMR spectrum was measured for compound 3a.
One of the most interesting results in this study is the acetylative decarboxylation of 2- Heating of thiones 8a-c with hydrazine hydrate gave hydrazones 9a-c, having two new reaction centres. This enabled fusion of the 1,2,4-triazole ring by reaction with triethyl orthoformate giving compounds 10a-c. This reaction requires a water-free medium, the suitable solvent being dimethyl sulfoxide. The structures of compounds 10a-c were corroborated by the presence C-3-H signal in the 9.24-9.33 ppm region. These compounds have very high melting points and are sparingly soluble. Condensation products 11a-c were formed by reaction of carbohydrazines 3a-c with 5-[3-(trifluoromethyl)phenyl]furan-2-carbaldehyde in ethanol with a yield of 67-90 %, where 4-methylbezenesulfonic acid (4-MeBSA) was used as a catalyst (Scheme 2). Their biological activity is a subject of study.
The effect of microwave irradiation on the condensation reactions was studied and compared with "classical" conditions (Table 1) . Compounds 3a-c, 5-[3-(trifluoromethyl)-phenyl]furan-2-carbaldehyde in ethanol, and a catalytic amount of 4-methylbenzene sulfonic acid were irradiated in a microwave oven at 90 W for 2 min. The results showed that microwave irradiation shortens the reaction time while affording comparable yields.
In conclusion it is possible to state that the stability of compounds with 3-(trifluoromethyl)phenyl group attached at C-2 of the furo[3,2-b]pyrrole system is less than similar types of compounds bearing aryl residue substituted withdrawing groups. The results of microwave irradiation on condensation reactions, which were compared with "classical" conditions, showed that microwave irradiation shortens the reaction time while affording comparable yields.
